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FOREWORD 

This  publication  was  prep£a*ed  con^tract 

by  the  UNITED  STATES  JOINT  PUBLICATIONS  RE¬ 
SEARCH  SERVICE ,  a  federal  '  government  organi¬ 
sation  established  to  service  the  translation 
and  research  needs  of  the  various  government 
departments* 
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ELSCTBON  TEMFERATUIJE  OF  A  MEDIUM  UHDER  SYKCHROTRONIC  RADIATION 

-  USSR  - 

[Following  is  a  translation  of  an  article  "by  O.  A.  Gursac^an 
in  DolrJ.ao^»-  ifcadeaii  SSS?.  (Balletin  of  the  Acade^gr  of 
Sciences  USSR},  ^1.  lBd>  Ko.  2,  Janxiar;/’  i960,  Moscotc,  pages 
287-289.] 


Tae  folloifing  was  presented  "ay  academician  V.  A.  Ambar;-,5'a£D[>-an 
on  11  September  1959* 

Let  us  assume  synchrotronic  radj.ation  ('bremsstrahlung  of  relar- 
tivlstic  electrons  in  a  magnetic  field)  is  produced  in  the  atmosphere 
or  in  a  limited  voltane  of  the  atmosphere  of  a  star.  Let  us  assume 
fiurther  that  the  density  of  the  synchrotronlc  radiation  in  the  region 
of  short  waves,  shorter  than  912  Angstrom  imits  (L^j-radi-ation),  is 
markedjy  greater  than  the  density  obtained  liy  Planck’s  formula  at  the 
temerature  of  the  star  T.,,.*  Mien  one  m^  consider  that  ionization  of 
hydrogen  atoms  in  the  me^aium  is  caused  who.lly  hy  the  density  of  the 
synchrotronic  radiation.  Inasmiich  as  the  occurrence  of  forbidden 
lines  in  it  is  excluded,  the  electron  temperatiire  of  this  medium  will 
obviously  be  determined  by  the  residual  enex’gy  of  the  e,lectrons  de¬ 
tached  in  the  photoionization  of  lydrogen  atoms  under  the  influence 
of  ET^rnchrotronic  L^.- radiation. 

In  this  aarticle  the  problem  of  determining  the  electron  tenpera»- 
ture  of  the  medium  will,  be  examined  with  the  folJ.cwing  assumptions; 
a)  that  free  electrons  are  formed  ly  photoicnization  of  lydrogen  atoms 
under  Idle  Influence  of  syuchrotronic  short-wave  radiation  generated 
in  the  given  volume  of  the  atmosphere  of  a  star;  b)  that  the  electrons 
lose  their  energy  Ty  recombination  processes  connected  with  lydrogen; 
c)  that  a  Maxwell,  distribution  of  velocities  is  established  between 
electrons . 

The  following  two  equilibrium  conditions  constitute  initial 
conditions  in  solving  this  i^roblem:  a)  the  steady- state  condition  - 
the  nuniber  of  atoms  entering  the  continuum  during  photoionization  per 
unit  of  time  should  be  equ.al  to  the  nuaftier  of  atoms  leaving  the  con¬ 
tinuum;  b)  the  condition  of  raiiant  equilibrium  -  the  quantity  of 
energy  spent  in  the  plhotoion3.zatio.n  of  the  lydrogen  atoms  should  be 
equal  to  the  quantity  of  energy  radiated  during  recombination. 

Let  us  also  assume  that  photoionization  occurs  only  at  the 
ground  state.  This  assutaption  can  be  considered  acceptable  if  we 
bear  in  mind  the  extremely  small  degree  of  excitation  of  lydrogen 
atoms  under  the  conditions  prevailing  in  stellar  atmospheres. 
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i:ecoi;i)inaticns  of  free  electrons  occur  at  levels  m  «*««•>•» 
toiie  theBj  into  cottsiaerstiOD .  As  the  role  of  free- free  traiait loan 

in  insisriix'iv;8rjt^  we;  shall  neglect  them. 

If  the  energy  si^ectrum  of  the  relativistic  electrons  is  con¬ 
tinuous  and  has  the  form 

then  the  radiation  dcjasity  at  frec^tiency  V  generated  "by  these  elec¬ 
trons  when  decelerated  in  a  Magnetic  field  crs.n  he  represented  in 
■the  following;  form: 

pj,r  -  const  •  y  (1-^  )/2  .  ^2.) 

liGxng  t-o  designate  the  ntuaher  of  l^ydrogcn  atosis  in  the 
^iii'oand  state  per  unit  voltiroe  and  the  coefficient  of  con¬ 

tinuous  absorption  per  atom,  we  shall  have  the  following  expression 
for  tae  r/JUaber  of  Ionizing  events  per  unit  of  tirae; 


k,,- 

y 


dK  , 


whore  y  Q  is  the  frequency  of  ionizetiori. 

ior  the  Kuaber  ci'  rscocibinations  at  all  levels  we  have 
(refer;  for  axaaplc.  uo  [l] 
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£  (  picoo)rv^  r^u^hv  (3, 
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■xvhen  n~  axid  rY_  are  the  nuinber  of  iiydrogen  ions  and.  free  electrons 
er  unit  vcluine;  is  the  electron  ueopei'eture  of  the  ifleditun;  and 
i(fo)  effective  recaubination  cross  section. 

Applying  the  sueadj^- state  conditions;  we  obtain 
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To  write  the  condition  of  radisuit  equilibrl\aEa,  it  is  neces¬ 
sary  to  :£j.c'alnts  the  mer^^'  absorbed  in  photoionizatiou  and  the 
energjr  radiated  in  recembination  and  to  eq,uate  them.  >/e  obtain 
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31ie  fknetion  ^(2’^),  vhich  is  incliided  in  {!»)  and  (5)> 
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Ip.  writing  tlKs  esi^reselons  for  soefflciente  of  absorption 
and  .  ve  also  take  negative  abeorption  Into  consideration. 

We  then  obtain 

(7) 
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Tokirog  (1)^  (6),  and  (7)  into  account,  we  find  tzam  (*(•)  and 
(5)  after  substituting  the  (juantity  hy  ~  h  y,-  j  into  them  in  place 
of  ™  -u-^- 


where  -  h  y  *=  iiy  JkT^i  acd  is  the  fregiseat^  of 


ionization  of  the  i*th  state. 

In  equation  (8)  the  onSy  irnknown  is  the  electron  taqpeariEliure 
which  is  uniquely  determined.  For  this  at  a  given  vela®  of  y', 
ic  first  deteniiined  from  (6),  then  is  calctiiated  from  the  relation¬ 
ship 


(9) 
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Ari  anaiysifl  of  the  forjmias  vritten  here  shows  that  the  elec¬ 
tron  tf^r^^erature  of  the  zBedivos  imder  aynchrortronic  rasaiatlon  has  a 
veak  dependence  on  the  epcctnua  of  relativistic  electrons  y  ,  there¬ 
fore  it  is  determined  wholly  hy  tlie  mchanlsm  of  l\aainescence  of  the 
medium. 

Calculations  yielded  values  of  »  110,000*^  when  Y  ~  3'> 

■r^  100, OOC'^'  when  Y  ~ 

ihus  the  theoi'etical  electron  temperature  or  the  atmosphere 
(or  part  of  the  attaos;]^ere )  of  e.  star  where  sjochrotronlc  radiation 
is  ger.ereted  is  veiy  high,  and.  is  on  an  order  higher  than  the  elec¬ 
tron  tet^erature  of  gas  clouds.  It  is  interesting  to  note  that  if 
the  radiation  of  the  photosjAieric  lay0r.s  of  a  star  were  represented 
hy  Plaav.:k's  law,  the  tet^eratufe  of  this  stai',  with  the  previously 
given  essuaaptions,  would  ha.ve  to  be  on  the  order  of  200,000^  to  per¬ 
mit  on  electron  teuiperature  in  its  atiaoej^ere  on  the  order  of 
IX,  000*^’. 

Since  che  residurl  energy  of  electrons  is  sufficiently  higii 
alter  piriotoionization  of  hydrogen,  it  can  be  spent  partially  in  the 
excitation  end  the  ionizstion  of  hydrogen  etoms  in  the  ground  state 
by  inelastic  collisions,  'fhis  factor  of  loss  of  energy  of.  electrons 
cari  leo-d  to  "coding"  of  the-  Kiedium  and,  consequently,  to  some  low¬ 
ering  of  its  electron  teraperature .  In  orcl.er  to  acMevc  a  marked 
"cooling"  effect,  hov^’cver,  it  is  essential  that  the  concentration 
of  neutrol  hydx'ogcn  ctoras  be  sufficiently  greet.  EVea  in  this  case, 
however,  the  residual  energy  of  the  free  electrons  would  stil.!  cor¬ 
respond  to  a  high  electron  teii^sereture  of  the  medium,  because  the 
excitation  end  ionisation  potentials  of  hydrogen  neve  comparatively 
high  vclues. 

Kcreover,  cases  are  possxbl.£  in  which  the  degree  of  Ioniza¬ 
tion  of  the  hydrogen  in  the  medium  is  so  higli  that  the  actual  con- 
cej'itraticn  of  neutral,  hydrogen  atoms  would  bo  insuff ici.eat  to 
absorb  the  greater  part  of  the  residual  energy  of  the  free  elec¬ 
trons.  In  this  case,  the  effect  of  "ooolirg''  by  neutrel  hydrogen 
would  htu/e  pr&titically  no  influeiice  on  the  high  value  obtained  above 
of  the  electron  temperature  of  the  raedluin. 

It  is  possible  to  attempt  to  obtain  proof  of  these  theoreti¬ 
cal  conclusions,  for  example,  in  cert.ain  variable  stare.  If  the 
]^enomenon  of  flares  or  brief  increa.ses  in  their  brightness  is 
caused  by  the  generation  of  synchroxronic  radiation  in  come  part  of 
their  atriospheres,  then  the  widths  of  the  spectral  lines— and  there 
are  grounds  for  believing  that  these  lines  do  occur  in  precisely 
those  I'egions  of  the  medium  where  synchrotronic  radiation  is  gen¬ 
erated— should  be  sufficieritiy  great  to  correspond  to  the  high  value 
of  U'lC  electron,  temperature. 


^yurakan  A^troplxirsical  Observatory.  Submitted  8  September  1959 
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